Issue addressed: Mobile applications are increasingly being used in health promotion initiatives. Although there is evidence that developing these mobile health applications in multidisciplinary teams is good practice, there is a gap in the literature with respect to evaluation of the process of this partnership model and how best to disseminate the application into the community. The aim of this paper is twofold, to describe the partnership model in which the Feed Safe application was developed and to investigate what worked in terms of dissemination. Methods: The process of working in partnership was measured using the VicHealth partnership analysis tool for health promotion. The dissemination strategy and reach of the application was measured using both automated analytics data and estimates of community-initiated promotion. Results: The combined average score from the partnership analysis tool was 138 out of a possible 175. A multipronged dissemination strategy led to good uptake of the application among Australian women. Conclusions: Multidisciplinary partnership models are important in the development of health promotion mobile applications. Recognising and utilising the skills of each partner organisation can help expand the reach of mobile health applications into the Australian population and aid in good uptake of health promotion resources.
Introduction
The use of mobile technology in Australia has increased markedly over the past 10 years. 1 Four out of five Australians now own a smartphone, and around half own a tablet computer; 2 Australians now access the internet more from mobile devices than they do from desktop or laptop computers. 3 Mobile technology offers unique ways to interact with individuals and, as smartphone penetration has grown, health promoters have increasingly sought opportunities to use the technology in promoting health to the wider community.
into applications in order to increase their potential for behaviour change. 8 Development of native mobile applications (that is, applications built specifically for a mobile operating system) generally requires more specialised development skills than some other communication technologies, such as websites or SMS interventions. Several researcher-led application development projects have recommended that software developers be engaged early in the process and that development is collaborative. 7, 9, 10 Working in partnership for the delivery of health promotion initiatives is a well-recognised approach 11, 12 and the need to gather multidisciplinary teams has been recommended in wider health communication campaigns, including those utilising the web and social media. 13, 14 The importance of designing applications with due consideration to usability and functionality cannot be underestimated. Partnerships must bring together individuals with unique and specialised skills to develop applications that have the best chance of reaching the target group.
With so many health applications available, and such variation in quality, credibility and intent, it can be difficult for the health consumer, and the health professional, to determine what is a good application and what is not. Five key criteria have been identified for evaluating health applications -four objective scales (aesthetics, engagement, functionality and information) and one subjective quality scale. 6, 15 Each of these criteria is important and a high rating on one does not necessarily counterbalance a low rating on another.
For example, an application may contain highly credible information, and be very attractively designed, but if it has been engineered in such a way that the application exhibits an unacceptably long loading time, users will quickly become disengaged. This particular problem was experienced by researchers who developed a physical activity and nutrition web-based application; they found that the slow operating speed was a barrier to their participants' engagement. 16 The application development process is a complex network of interwoven considerations, all with long-term ramifications, and many health professionals will not have the technical experience to navigate the options. 17 Indeed, keeping up to date with the progression of technology is something that has been identified as a challenge by public health researchers. 18 Despite the common call from researchers in the literature for mobile health applications to be developed according to multidisciplinary models, 7, 9, 10 there is relatively little explanation and evaluation of the models that may be suitable for these kinds of projects. Many health applications described in the literature have been developed for research purposes only; relatively few go beyond an analysis of the development and impact of the application, into explorations of what is effective in terms of disseminating the application into the community and reaching the target group.
This study aimed to describe a partnership formed to develop and promote a health promotion application, and to investigate what worked in terms of dissemination. We hypothesised that working as a multidisciplinary team would lead to good outcomes and reach for the application.
Methods

The Feed Safe application
Feed Safe is an application designed to educate breastfeeding women about the impact of alcohol consumption. It is based on the National Health and Medical Research Council's Guidelines to reduce health risks from drinking alcohol 19 and takes a harm minimisation approach. It was developed in a collaborative partnership model involving a health promotion software development company, a breastfeeding researcher from Curtin University of Technology, and Australia's peak body for breastfeeding information and support.
The content of the application was based on a 2009 information brochure developed to inform women about alcohol consumption and breastfeeding. 20 One of the core features of the application is a timer showing women the time at which their breastmilk will be free of any alcohol they have consumed. The known alcohol dissipation formula based on total body water and ethanol intake 21 was first applied to breastmilk by Ho et al. who developed a nomogram for public use. 22 This was adapted for Australian use by Giglia and Binns. 23 The development of the Feed Safe application was initiated and led by the health promotion software development company in partnership with Australia's peak body for breastfeeding and the researcher. Feed Safe was initially developed for one mobile platform to examine the effectiveness of, and demand for, the application. The iOS platform was chosen, due to the reduced complexity of development and testing; at the time, iOS development required testing on just four device categories, whereas Android has thousands of device models and configurations to consider. Since launch there has been significant community interest in an Android version of the application. An arrangement to develop this version was secured in early 2016 and the version was released in April 2016. The application was developed, tested and trialled with breastfeeding mothers and released to the public in February 2014 for free download on the Australian App Store (see Fig. 1 ).
Evaluating the partnership
The Victorian Partnership analysis tool for health promotion was used to measure the effectiveness of the multidisciplinary partnership. The tool was developed by VicHealth in 2004, revised in 2011 and was designed explicitly for health promotion activities. 12 This particular evaluation tool was chosen due to its specific focus on evaluating health promotion partnerships, the comprehensive approach to development and evaluation and the concise, easy-to-use activities for people working across different disciplines.
The tool comprises three activities designed to measure the nature of partnerships at different points. Activities one and two are designed to explore the nature of partnerships and determine the need for partnerships in particular projects. Activity three comprises a checklist designed to analyse existing or potential partnerships. The checklist is broken into seven areas:
1. Determining the need for the partnership 2. Choosing partners 3. Making sure partnerships work 4. Planning collaborative action 5. Implementing collaborative action 6. Minimising the barriers to partnerships 7. Reflecting on and continuing the partnership. To evaluate the partnership for the present study, the third activity, the partnership checklist, was used. The checklist was completed online by research partners from each organisation and the results were collated and averaged to give an overall score.
Dissemination strategy
A comprehensive, multipronged, dissemination plan was developed with different strategies targeting both end-users and health professionals. Using the skills and reach of each organisation, individual dissemination activities were led by the most appropriate organisation, in close consultation with other partners. A set of guidelines was developed to help ensure the message was consistent and all partners were recognised.
The strategy targeted end-users through several channels, including:
* Health professionals * Breastfeeding and other relevant websites * Social media * Word-of-mouth Health professionals were targeted through the dissemination of posters, conferences and targeted articles. A media campaign was also initiated.
Measuring application reach
Application and website usage overall Reach of the application was measured via analysis of visits to the application website 24 and application download numbers available via iTunes Connect (a portal for management of App Store applications). The application was released in Australia for iOS devices (iPhone, iPad and iPod Touch), but as Google Analytics can provide information on which country people are in while they are viewing the website, this provided a measure of interest from other countries as well as providing an avenue for people to contact the developers about other non-supported mobile platforms (primarily Android).
The analytics data were also examined for acquisition routes, that is, how people came to the website. Google Analytics breaks the sources of website acquisition into four main categories: direct; referral; organic; and social. 'Direct' traffic can include:
* Visitors who directly type the website address into their browser * Visitors directed via a link in an email or a pdf * Visitors who had the site bookmarked 'Referral' traffic refers to visitors who have followed a link from another website, 'organic' refers to visitors who have found the website via an unpaid search engine (i.e. Google) 25 and 'social' refers to people who come to the website via social media, including Facebook and Twitter.
Application usage patterns
Daily usage data were obtained via the Google Analytics framework included in the Feed Safe application. The daily usage was averaged Feed Safe: an app for breastfeeding mothers Health Promotion Journal of Australiaover time to give an overall number and patterns of high usage were recorded.
Media events linked to increased downloads
A log was maintained to record media mentions of the application, enabling analysis of the impact of different types of media on downloads.
Community-initiated promotion
To provide a measure of community-initiated promotion a search for the term 'Feed Safe' was conducted on the public forum of a popular parenting website BabyCenter. 26 The search results were restricted to only those referring to the Feed Safe application and posted on the public forum between 20 February 2014 and 20 February 2015.
BabyCenter is one of the most popular parenting websites in Australia, with a self-reported monthly reach of 40 million mothers worldwide. 27 App Store reviews and ratings are an important metric of user satisfaction, and one which has a bearing on the relative ranking of applications for given search terms. The App Store reviews and ratings for Feed Safe were recorded for the first year.
Ethics approval
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Results
Partnership analysis
The average overall score for the partnership analysis checklist was 139 (range 125-163). According to the checklist, scores of 127-175 indicate that 'a partnership based on genuine collaboration has been established. The challenge is to maintain its impetus and build on the current success.' 12 As shown in Table 1 , the strongest section within the checklist was section one: determining the need for the partnership.
Dissemination
The media campaign resulted in coverage in the West Australian newspaper 28 as well as interviews on five different radio programs (720 Perth, 6PR, ABC Great Southern, Health Professional Radio and Curtin FM). The application was also presented at several health conferences. Over 1000 posters were disseminated to health professionals and two articles written by researchers were published in health newsletters.
Measuring application reach
Application and website usage overall Over a 1-year period commencing with the application's launch, the application was downloaded 28 330 times and the website was visited 40 332 times (see Table 2 ).
Promotion was targeted at Australian audiences, as Feed Safe can only be downloaded by users with an Australian iTunes account. Most website visits were from within Australia (82%), followed by the US (7%), the UK (3%) and New Zealand (2%). More than 30 emails were received from overseas website visitors requesting that Feed Safe be made available in their country. Figure 2 shows the acquisition of visitors to the website, with 'direct' traffic accounting for almost three-quarters of all website visitors. Facebook was the major source of all social media referrals, contributing 99.13% of social traffic. However, social traffic made up only 16.1% of all traffic, as shown in Fig. 2 .
Application usage patterns
Use of the Feed Safe application (that is, number of times per day the application was used in total) increased steadily over time. At the end of the first year, Feed Safe had been used an average of 732 times each day, with significant spikes on Christmas day (1340 uses) and New Year's Eve (1732 uses). Approximately 90% of usage occurred on iPhones, with the remainder on iPads and touch screen iPods.
Media events linked to increased downloads
Analysis of media mentions of Feed Safe highlighted three main events that led to spikes in downloads (see Table 3 ). Two of these were Facebook posts from Australia's peak body for breastfeeding information and support, and the third was an online Essential Baby article, 29 mentioning Feed Safe, that was promoted and shared via social media (see Fig. 3 ). There were smaller peaks at Christmas Eve and New Year's Eve).
Community-initiated promotion
Researchers identified 83 different BabyCenter forum threads either about the Feed Safe application or where Feed Safe was discussed in the comments. These included threads sharing information about Feed Safe, users seeking advice about alcohol consumption while breastfeeding and users sharing information about parenting applications in general.
At the end of the first year Feed Safe had a four-and-a-half star App Store rating, averaged from 28 ratings and 22 user reviews. Over 500 emails were received in the period 20 February 2014-20 February 2015 from women in the community about Feed Safe, with the majority of these (430) requesting that the application be made available for the Android operating system.
Discussion
Working in partnership
The results of the partnership analysis tool demonstrated overall strength. The highest rating section was 'determining the need for the partnership'; this indicated that there was a shared understanding of the need for partnership working and a commitment to working together. Lower scores were recorded for specific statements in sections three and seven, such as 'the roles, responsibilities and expectations of partners are clearly defined and understood by all other partners' and 'there are resources available from either internal or external sources to continue the partnership.' The former may suggest that more clarification of the roles and expectations of all partners early on would have been beneficial, and the latter may be due to the partnership being borne of a specific grant-funded project with a limited scope.
Following completion of the grant and expenditure of the funding, the partners have continued to work together on the Feed Safe application including securing an Android version, releasing Feed Safe in other countries and managing media and user correspondence.
Dissemination and application reach
The findings of this research confirm that the collaborative dissemination strategy was key to the success of the Feed Safe application. Each organisation contributed unique skills and led in different components of the dissemination strategy.
The application download numbers for the first year were steady, and the application consistently ranked in the top 100 health applications on the Australian App Store suggesting that the dissemination strategy was successful.
Application usage patterns
Measuring daily application usage is an important indicator of continued relevance and user acceptability. Although the download statistics give a measure of the number of people who have sourced and downloaded the application, this does not reveal whether they have found the application of sufficient value for regular use. Feed Safe: an app for breastfeeding mothers Health Promotion Journal of Australia
The average of 732 uses per day over 12 months is a strong indicator of ongoing, repeated use of the application.
Media events linked to downloads
Although a small number of social media events resulted in download peaks, webpage referrals from social media accounted for only 16% of total website visits. The majority of referrals (84%) were from a permanent link to the application on a relevant, high-traffic page on the website of Australia's peak body for breastfeeding information and support, from popular Internet forums and from direct visits (presumably from word-of-mouth, promotional print material and communication with health professionals).
Community-initiated promotion
Promotion that is led by the target group, including word-of-mouth promotion, is difficult to plan for and to measure comprehensively. We approached this by analysing the forum of a popular parenting website and identified a consistent sharing of information about Feed Safe in online discussions.
In their review of HIV and sexually transmissible infection applications Muessig et al. found that many applications were generally poorly utilised and few had high App Store ratings. 7 Over half of the applications had an average score of 3.7 stars out of 5 and the median number of times the applications were downloaded was 500-1000 (downloads were reported for Google Play (Android) application downloads only; download numbers for iOS are not publicly available). Feed Safe has achieved high ratings and positive reviews which has likely contributed to the reach of the application.
In short, the application reach has benefited from a multipronged approach targeting women via several different channels.
Limitations
The Vic Health partnership analysis tool stated that it is usually preferable that the tool be completed with all partners together as a group. This was not feasible due to partners being based in different Australian states. This paper describes the evaluation of the partnership, dissemination of information about the application, and its subsequent reach. Although some user -testing was completed with members of the public (results being prepared for publication), the evaluation of the project did not extend to measuring health outcome data, including impact on alcohol intake or breastfeeding duration. Further study examining these factors would be beneficial.
Conclusion
This paper describes the partnership formed to develop an applied health promotion resource for breastfeeding women, and examines what worked in terms of dissemination. However we believe the findings are relevant to those working on broader technological health promotion initiatives at a population level. The multidisciplinary partnership model described here exhibited strength according to the evaluation tool used. Using the skills and reach of each organisation, the Feed Safe application has had good reach and uptake by Australian women.
Working with multidisciplinary teams to develop and disseminate health promotion applications is important. When working in the mobile health space, waiting too long to fully engage design and development professionals in project planning may lead to unfortunate limiting parameters which may have long-term implications on the outcome of the project. There is sometimes a 'build it and they will come' mentality in application development, but the market is increasingly flooded with health applications. Successfully promoting a product or service to the community requires a comprehensive dissemination strategy encompassing both traditional and social media.
Importantly, as health promotion practitioners compete for funding and visibility in the health application market space, the quality, reach and health impact of these applications becomes a priority. Objective measures such as download numbers, usage statistics and user feedback can provide a strong indication that an application fills a real-world need and has been found to be both useful and usable by users. As partners in health promotion initiatives become more proficient at building strong multidisciplinary teams, they will increasingly adopt best practice in design, development and dissemination of health applications. As a result, greater value will be seen by those partners, by project funders and, most importantly, by end-users themselves.
